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Why measure CO2 from satellites? 
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- Enough spatial/temporal coverage to 
pin down regional carbon sources/sinks    
 insight into dominant processes in  
global carbon cycle 

- Column CO2 complements the (mostly  
surface) in situ data, helps mitigate  
transport model errors 

- Reflected solar IR bands (GOSAT/ 
OCO-2) give near-surface information  
best for constraining regional sources/sinks 

- Thermal IR (AIRS, TES, IASI) better at  
providing an integral constraint on coarser  
spatial scales, longer time scales  

- Difference thermal and near IR to get  
even more information close to surface Vertical weighting (averaging kernel) 



•  Before assimilating satellite data, 
IDENTIFY/REMOVE systematic 
errors! 
–  Biases must be reduced down to           

< 0.5 ppm 
–  Better if random errors down to          

< 2 ppm level 

•  Satellite data: 
–  ~10,000 ACOS GOSAT XCO2 retrievals, 

Apr-Dec 2009 
–  12 days worth of AIRS CO2 retrievals 

from the (6,16,26)th of 
(Jan,Apr,Jul,Oct), 2009  

•  Compare to good forward model: 
–  GEOS5-driven off-line PCTM transport, 

½°x⅔° (lat/lon), 40 vertical layers 
–  GEOS5-driven, diurnally-varying SiB3 

land biospheric fluxes, ½°x⅔° 
–  Annually-varying fossil fuel, ½°x⅔° 
–  Monthly- and annually-varying ocean 

fluxes (Doney model) 
–  Run for 1992-2010 to develop 

 good gradients into stratosphere 
Fractional reduction in uncertainty 
in weekly flux estimates from OSSEs 
of Orbiting Carbon Observatory data 
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Figure 2:  The AIRS – CarbonTracker 
mid/upper-troposheric CO2 difference 
[ppm] vs. the cloud top pressure [hPa] 
for selected N/S swaths

for the AIRS standard product (black, 
reported uncertainty <2 ppm) and 
support product (red, >2 ppm), along 
with linear fits.  RMS differences [ppm] 
given as insets.    Note the overall ~+3 
ppm bias in the nighttime African/
Eurasian differences (lower right) 


AIRS - CarbonTracker upper-tropospheric CO2 difference [ppm]  
vs. cloud top pressure, eight N/S swaths, 2008 

Standard product, RMS 

Support product, RMS 
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AIRS – PCTM CO2 difference (individual retrievals), 
12 days, (6,16,26)th of (Jan, Apr, Jul, Oct), 2009 

Bias: +0.9 ppm 
  1 σ:   3.5 ppm 
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AIRS – PCTM CO2 difference [ppm] as a function of… 
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ACOS GOSAT – PCTM CO2 difference [ppm]  (before screening) 

A priori 

One-to-one 

A posteriori 

Bias:   ‐7 ppm 
1 σ:   5.5 ppm 
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ACOS GOSAT – PCTM CO2 difference [ppm] as a function of… 

Screening bounds 
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ACOS GOSAT – PCTM CO2 difference [ppm]  (after screening) 

A priori 

One-to-one 

A posteriori 

Bias:  ‐8 ppm  
1 σ:  2.6 ppm 


